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DETERMINING  PARAHETERS  OF  AIRCRAFT  HITH  VARIABLE- SHEEP  HI NG 

fi 

A.  A.  Krfsotkin 

One  way  of  creating  aultiacde  aircraft  is  to  use  wings  of 
variable  sweep.  A change  in  the  plan  shape  of  the  wing  aakes  it 


possible  to  change  the  aerodynanic  characteristics  of  the  aircraft 

IP 

over  broad  liaits  and  to  adjust  it  to  specific  flying  conditions. 


In  the  initial  stage  of  planning  cf  an  aircraft  with  a 
variable-sweep  wing  we  aust  deteraine  the  paraaeters  which 
significantly  influence  its  outward  appearance:  the  plan  shape  of  the 
original  wing  (for  equal  degrees  of  sweep  in  the  leading  edges  of  the 
aoveable  part  of  the  wing  (HPH)  and  iaaoveable  part  (IPH) ) , the 


♦** 
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relative  thickness  of  the  original  wing  profile,  the  arrangeaent  of 
hinged  joints  o»er  the  span,  specific  lead  on  the  wing,  and  starting 
thrust-to- weight  ratio. 


A subsonic  flow  past  the  leading  edges  of  the  wing  aakes  it 
possible  to  best  utilize  the  effect  of  the  swept  wing.  Thus,  under 
all  flying  conditions  the  leading  edge  cf  the  wing  should  be  within 
the  cone  of  disturbance  froa  the  iapinging  flow. 

The  flight  range  of  the  aircraft  under  cruising  conditions  L 


equals: 


L “3.5  0 ^ In  £2  , 


where  a - is  the  speed  of  sound; 


k - aerodynaaic  quality; 


H - Bach  nuaber  of  cruising  flight; 


- specific  fuel  consuaption; 


G0  - takeoff  weight  of  aircraft; 
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G*  - weight  of  aircraft  before  landing. 

It  is  determined  by  two  parameters  - the  range  coefficient  $ , which 
describes  the  degree  of  perfection  of  the  "aircraft-engine" 
aerodynamic  system  and  by  the  tern  tn  ft*  , which  describes  its  degree 
of  weight  perfection.  The  criterion  for  estimating  the  optimal 
combination  of  the  studied  parameters  with  respect  to  range  can  be 
their  product: 

<2> 

where  X is  the  criterion  of  the  estimation. 

Obviously  the  optimal  will  be  a combination  of  parameters  in 
which  X has  maximal  value,  provided  that  reguirenents  for  the 
renaining  flight  characteristics  of  the  aircraft  are  satisfied. 

The  solution  of  the  problem  is  achieved  in  two  stages  - 
formation  cf  the  geometry  of  the  original  wing  and  determination  of 
the  optinal  values  of  the  studied  parameters  for  the  purpose  of 
obtaining  nnxinal  flight  range.  In  the  first  stage  the  liaitation  of 
the  Sweep  of  the  trailing  edge  is  related  to  the  conditions  of 
possible  turn  in  the  HPW,  creation  of  niches  into  which  a portion  of 
the  HPH  can  enter  when  sweep  is  increased,  an  increase  in  the 
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structural  rigidity  of  the  wing,  a decrease  in  the  aspect  ratio,  etc. 
These  features  do  not  aake  it  possible  to  achieve  coaplete 
optiaization  in  the  shape  of  the  original  wing  in  the  initial  stage 
of  the  project.  Rather  they  influence  its  original  plan  shape, 
necessary  for  further  analytical  studies.  In  the  second  stage  the 
solution  of  the  posed  problea  is  reduced  to  deter aining  the  roots  of 
the  following  system  of  equations: 


and  aeeting  the  conditions  dictated  by  requireaents  for  the  aircraft: 

Mmax  * M max  Tl;  Hnor  * Hnor71)  itnn  £ Ctnn7' 


where  £««  - relative  thickness  of  wing  profile  in  initial  position;  T 
~ relative  span  of  hinged  joints,  equal  to  ratio  of  distance  between 
hinges  to  wingspan  in  initial  positions;  P - specific  load  on  wing; 
ta  - starting  thrust-to-weight  ratio;  Mmw  - aaxiaal  flight  nuaber; 

Hnor  - atatic  ceiling;  Ztm  - length  of  takeoff-landing  strip. 


Quantities  with  the  index  (T)  refer  to  paraaeters  dictated  by 
requireaents  for  the  aircraft. 


In  solving  the  problea  the  following  assuaptions,  which  have 
virtually  no  effect  on  the  results,  can  be  used: 
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a)  Wing  area  is  constant  with  a change  in  the  position  of  the 
hinge  joints  and  turning  of  the  nPW. 

b)  The  Bach  nujber  of  subsonic  cruising  flight  is  below  the 
critical  Nach  number  by  0.03. 


c)  Cruising  flight  occurs  at  altitudes  of  H ) 11  km. 

d)  In  passing  through  the  "throat"  - that  portion  of  the 
trajectory  where  we  have  altitude  gain  and  acceleration  to  supersonic 
speed  - the  thrust  reserve  should  exceed  drag  by  20-25<>/o. 


The  following  transf or nations  nake  it  possible  to  express  the 
range  coefficient  in  the  studied  parameters: 


(«♦) 


KM  _ 3.42  y/pTo  $fM) 

Cp  C*o  Cto  f (M) 


\/  Hew  A cm 


9 


where  C* o is  the  drag  of  the  aircraft  at  zero  lift;  - specific 

fuel  consumption  at  H = 0 and  M = 0;  - functions  which 

approximate  engine  thrust  and  fuel  consumption  with  respect  to  nach 
numbers;  Pcm;  Ac*  - relative  half~perimeter  of  wing  edges  in  stream, 
equal  to  ratio  of  perimeter  of  wing  edges  to  wingspan  and  aspect 
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ratio  of  wing  with  compression  of  the  iapinging  flow  considered. 


The  product  of  ( He*  Ac*  ) can  be  expressed  by  the  following 
dependence: 


fiew  Acih  * 2,25  - A n/m^CW/T  , 


where  is  the  sweep  of  the  fl PH  along  the  trailing  edge. 


The  drag  coefficient,  which  is  independent  of  the  lift  of  the 
wing  is: 

C*0=  '?p(l  + kC)(b5CM/,)*'fe  AC2* 

(6)  + p f 7«r  te  -*7(p  *7ro  ♦ 7^}, 

where  7p;  * : 7«  • 7Mr  ’ 7?’  7r°;7^  represent  constant  coefficients;  X;  £ - 
aspect  ratio  of  wing  and  relative  thickness  of  BPil  profile  in 
position  corresponding  to  subsonic  cruising  flight,  respectively;  Ar0 
- static  nosent  of  horizontal  tail  unit;  Iro  - are  of  horizontal  tail 
unit. 


In  (6)  the  first  and  second  terns  corresponds  to  the 
coefficients  of  wing  resistance,  the  third  - to  the  resistance 
coefficients  of  the  engine  nacelles,  fuselage,  horizontal  tail  unit. 


""  "M  l 1 ■ 
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and  other  elements  not  considered,  respectively.  Under  subsonic 
cruising  conditions  7»r0. 

Now  let  us  look  at  the  second  ters  in  {if  . Under  the  condition 
that  the  takeoff  weight  of  the  aircraft  is  constant,  the  change  in 
paraaeters  which  affect  the  weight  of  the  structure  or  its  power 
plant  introduces  a change  in  fuel  reserves.  If  we  represent  the 
equation  of  relative  weights  of  the  aircraft  in  the  forn  of: 

G nep  * G nocm  + 6 t + (»  rp  = I 
and  assune  that  G,z  Gnep  * G nocm  , then  we  get: 

<7> 

where  Gnep  • Gnoci  represent,  respectively*  the  components  of  relative 
weights  which  are  dependent  and  independent  of  the  studied 
paraaeters;  Gt  - relative  weight  of  fuel;  Grp  - relative  weight  of 
disposed  load  (for  military  aircraft). 

In  turn: 


(8) 


G nep  * G up  * G «n  * G ro  + 0 c.y. 


•here  C«p  , G»n  , Gro  » Gey.  represent  the  relative  weights  of  the  wing. 
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the  mechanism  for  turning  the  MPH,  the  horizontal  tail  unit,  and  the 
power  plant. 

The  weight  of  the  variable- sweep  wing: 

.q.  G«p  = Guex  + iGu  r 


where  G ucx  is  the  weight  of  a wing  of  fixed  sweep,  whose  parameters 
coincide  with  the  paraaeters  of  the  variable-sweep  wing  in  initial 
position;  *Gur  - increase  in  weight  of  wing,  associated  with 
structural  features  (presence  of  hinges,  niches,  reinforcement, 
et  c. ) 


(10) 


h Cur. 


_ Do  Co  5 n [Zui  COi  + (1-f.  u/)]C\J  AucxGo 
cot  fn  OTw  cozy. n t (l-£w) COiJrx)  P 


where  nP  - calculated  loadfactor;  3n  **  relative  area  of  M Pi;  Sn‘  p ; 

- sweep  of  MPH  and  N PH,  respectively;  C - constant  coefficient 
which  depends  on  plan  shape  of  original  wing. 


The  liaitations  iaposed  on  the  systen  (3)  are  determined  by  the 
possibilities  of  achieving  the  maximal  Mach  flight  number  and  the 
static  ceiling,  the  "throat"  passage  and  the  takeoff  run  of  the 
aircraft  during  takeoff- 


rr 
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The  limitation  with  respect  to  Mach  nuaber: 


0,0147  VPio  ^ (M)  MlT’ 
Cx 


The  linitation  with  respect  to  the  ceiling  (expressed  in  terms 
of  linitation  on  relative  air  density  A): 


1.66  (T) 

tcrVC^cx  fW 


where  ^ucx  is  the  drop  in  the  polar  of  the  original  wing  for  M = M( 


The  "throat"  linitation: 


5580-MfCx  max)  Cx  max  & t0P 


where  M (Cx  max)  is  the  flight  Mach  nunber  corresponding  to  the  maximal 
value  of  the  drag  coefficient. 


The  linitation  with  respect  to  the  takeoff  run  of  the  aircraft: 


2 g Cy  6M(0,9Slo-fTp)  * tPa3d 


where  frp  is  the  friction  coefficient  on  the  runway. 


mm 
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To  eliminate  the  nonreal  values  of  optimums  and  to  narrow  the 
range  of  the  search,  let  Us  Unit  the  fields  of  studied  paraneters: 

Cucm  > 0 ; 

1>2u/  >0 ; 

<15)  /500*P>0; 

l>l0  >0 

To  solve  the  problen  we  ■ ust  also  have  the  geometrical 
dependences  which  describe  wing  geometry  in  plan  and  the  arm  of  the 
horizontal  tail  section  in  function  2 w. 

In  Fig.  1 we  see  the  effect  of  the  studied  paraneters  on  the 
range  criterion  T.  The  inposed  linitaticns  do  not  make  it  possible  to 
achieve  the  optinua  specific  load  on  the  wing. 

In  Fig.  2 we  see  the  results  of  solving  the  problen  of 
determining  the  optimal  parameters  of  a long-range  aircraft  with 
variable-sweep  wing. 

The  possibility  of  adjusting  the  aerodynamics  of  the  wing  to  the 
specific  flight  conditions  has  made  it  possible  to  increase  the  load 
on  the  wing  up  to  -700  kgf/n*  and  to  increase  the  relative  thickness 
of  the  original  wing  profile  to  6. 3°/0-  In  combination  with  a power 
plant  of  moderate  weight,  determined  by  the  starting  thrust-to-weight 


t 


f. 

1 j 
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of  the  aircraft  (t 0 = 0.34),  and  a snail  increase  in  the  weight  of 
the  wing  (nGur  = 0.044) , determined  by  the  position  of  the  hinged 
joints  for  turning  the  HPH  ( l w * 0.58).  He  can  obtain  the  maximal 
flight  range  characteristic  of  subsonic  aircraft  and  also  meet 
requirements  for  efficient  flight  at  supersonic  speeds  and  landing  at 
airports  with  runways  of  a certain  length.- 


Fig.  1.  Effect  of  studied  parameters  on  range  criterion.  KEY:  (1) 
"Throat"  limitation,  (2)  Takeoff  limitation,  (3)  kgf/m*. 
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